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CONVERSION FACTORS AND ABBREVIATIONS

The following factors may be used to convert inch-pound units to metric (International 
System) units.

Multiply inch-pound units By To obtain metric unit

inch (in.) 
foot (ft) 
mile (mi)

square mile (mi2) 
square mile (mi2)

gallon (gal) 
cubic foot (ft3)

cubic foot per second 
(ft3/s) 

gallon per minute (gal/min)

Length 
25.4 

0.3048 
1.609

2.590 
259.0

Volume 
3.785 
0.02832

Flow 
0.02832

0.06308

millimeter (mm) 
meter (m) 
kilometer (km)

square kilometer (km2) 
hectare (ha)

liter (L) 
cubic meter (m3)

cubic meter per second 
(m3/s) 

liter per second (L/s)

Chemical concentration, temperature, and specific conductance are given in 
metric units. Chemical concentration is expressed in milligrams per liter 
(mg/L). Temperature in degrees Celsius (°C) can be converted to degrees 
Fahrenheit (°F), and vice versa, as follows:

°F = (1.8x°C) + 32 
°C = (°F - 32) x 0.5555

Specific conductance is expressed in microsiemens per centimeter (us/cm) at 
25 degrees Celsius.

Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 
(NGVD of 1929)-- a geodetic datum derived from a general adjustment of the first-order level 
nets of both the United States and Canada, formerly called "Sea Level Datum of 1929."



ASSESSMENT OF GROUND-WATER CONTAMINATION FROM A
LEAKING UNDERGROUND STORAGE TANK AT A DEFENSE SUPPLY

CENTER NEAR RICHMOND, VIRGINIA

By Winfield G. Wright and John D. Powell

ABSTRACT

During 1988-89, 24 wells were installed in the vicinity of the post-exchange gasoline 
station (PX Service Station) on the Defense General Supply Center, near Richmond, Virginia, to 
collect and analyze ground-water samples for the presence of gasoline contamination from a 
leaking underground storage tank. The monitoring wells were installed in shallow aquifers 
composed of unconsolidated Coastal Plain sediments that are configured, from top to bottom, as 
an upper aquifer, confining unit, and lower aquifer. Analyses of ground water from monitoring 
wells in the upper aquifer indicate concentrations of total petroleum hydrocarbons as large as 
8.2 milligrams per liter in the immediate vicinity of the former tank and concentrations of 
total BTXs (or the sum, in micrograms per liter, of benzene, toluene, and xylenes) as large as 
83,000 |ig/L (micrograms per liter). Concentrations of BTXs in water samples from monitoring 
wells on the periphery of the site were below reporting limits. Between the May 1989 and 
September-October 1989 sampling rounds, concentrations of total BTXs in water from the 
monitoring wells increased in some wells and decreased in other wells.

Organic vapors were detected in samples of the confining unit collected during drilling. 
Concentrations of BTXs in water from the one well in the lower aquifer totalled 41.4 |ig/L in 
May 1989 and were below reporting limits in the second and third samples collected from the 
same well in September and October 1989.

Water-level data from monitoring wells in the vicinity of the PX Service Station indicate 
ground water in the upper aquifer flows to the east-southeast. Ground-water-flow rates in the 
upper aquifer are estimated to be approximately 60 to 80 feet per year. Ground water 
contaminated with BTXs might infiltrate a subsurface storm sewer, where the storm sewer is 
below the water table, and discharge through the sewer into a nearby stream.

The available analyses from the monitoring wells at the PX Service Station indicate that 
the contaminant plume in the upper aquifer is oriented along the direction of ground-water 
flow (to the east-southeast); however, the plume is widespread in nature and extent of the 
plume has not been well defined. The presence of benzene (2,300 |ig/L) in water from a well 
located 600 feet downgradient from the PX Service Station suggests that the contaminants might 
have entered the ground water 7 to 10 (or more) years ago.

Risk assessment for the site identified no potential human receptors to the ground-water 
contamination because no ground-water users were identified in the area. The largest 
concentrations of contaminants at the site exceed Federal maximum contaminant levels for 
drinking water by as much as a factor of 5,000; remediation may be appropriate if exposure of 
future potential receptors is a concern.

Possible alternative actions discussed for remediation of ground-water contamination in 
the upper aquifer at the PX Service Station include no action, soil-vapor extraction, and 
ground-water pumping and treatment. The soil-vapor-extraction method is the favored remedial 
alternative because of the widespread nature of the plume. Existing monitoring wells could be



used for installation of soil-vapor-extraction pumps that could promptly apply remedial 
measures. Insufficient water depths in the upper aquifer limit die efficiency of the pumping 
scheme alternative. Continued monitoring is needed to verify the results presented in this 
report.

INTRODUCTION

In May 1987, the Defense General Supply Center (DGSC), near Richmond, Virginia (fig. 1), 
discovered, by examining inventory data, that as much as 4,000 gallons of premium unleaded 
gasoline may have leaked out of an underground storage tank at the post-exchange service 
station (PX Service Station). The Virginia Water Control Board (VWCB) was notified and, 
subsequently, a monitoring well was installed approximately 10 feet from the tank. The 
presence of gasoline vapors within the well casing was verified by an organic-vapor detector. 
The leaking tank was subsequently removed. Because of experience with previous studies at the 
DGSC (Powell and others, written commun., 1987), the U.S. Geological Survey was contacted to 
install ground- water monitoring wells in the area around the PX Service Station and, at a 
later date, to install additional wells and assess the ground-water contamination problem.

In June 1988, the U.S. Geological Survey installed seven ground-water monitoring wells 
(hereafter called the initial wells) in the vicinity of the PX Service Station. In May 1989, 
the Survey installed 11 additional ground-water monitoring wells (hereafter called the 
exploratory wells) downgradient from the PX Service Station in order to determine the general 
concentrations and distribution of contaminants and potential directions of migration. In 
September 1989, six additional monitoring wells (hereafter called the confirmatory wells) were 
installed downgradient of the initial and exploratory wells to define the downgradient extent 
of the contamination.

Purpose and Scope

This report documents the efforts of the U.S. Geological Survey to describe the 
ground-water contamination at the PX Service Station at the Defense General Supply Center 
(DGSC), near Richmond, Virginia. The report presents preliminary site, risk, and remediation 
assessments, which include information on the hydrogeology, ground water, surface water, water 
use, characteristics and release of the contaminants, and occurrence of subsurface conduits 
(storm and sanitary sewers) in the vicinity of the study area. The risk assessment identifies 
possible receptors to the contamination and discusses concentrations of contaminants reported 
in the ground water. The remediation assessment discusses the need and feasibility of 
remediation of the contaminated ground water. Plausible alternative technologies to remediate 
the site are identified.

Hydrologic and geologic data and water samples were collected during 1988-89 from wells 
completed in the vicinity of the PX Service Station on the DGSC. Water samples were analyzed 
for concentrations of petroleum hydrocarbons and purgeable-organic compounds. Temperature, 
pH, specific conductance, and dissolved-oxygen concentrations in ground water were measured in 
the field. Soil samples were analyzed for petroleum hydrocarbons.

Description of Site

The DGSC (fig. 1), constructed during 1941-42, serves as a depot for general supplies for 
the Department of Defense. The DGSC is located in Chesterfield County, Virginia, about 5 
miles south of the city of Richmond, Virginia, and occupies an area of about 1 square mile.

The study area covers about 30 acres around the PX Service Station, and includes streets,
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parking lots, small grassy areas, and railroad tracks (fig. 2). The terrain consists mostly 
of level parking areas and gentle slopes resulting from excavations during construction of the 
installation. In addition to the tank removed after discovery of a leak, three other 
underground storage tank fields are located at the PX Service Station (fig. 2).

Previous Studies

Several studies relating to ground-water contamination have been conducted at the DGSC. 
Most of these studies relate to ground-water contamination resulting from improper solvent 
waste-disposal practices of the 1950's and 60's. Powell and others (written commun., 1987) 
documented the efforts of the U.S. Geological Survey during 1984-87 to investigate 
ground-water contamination east of the installation boundary in the vicinity of a landfill and 
a National Guard Area located north of the PX Service Station on the DGSC (fig. 1). The 
hydrogeologic framework of the DGSC defined during this study serves as a basis for the 
framework defined for the PX Service Station study area.

Two soil-gas studies were conducted in the vicinity of the former underground storage tank 
at the PX Service Station (Target Environmental Services, 1988a; 1988b). These soil-gas 
studies confirmed the presence of benzene vapors in the unsaturated zone to the east-southeast 
and west of the former tank location (fig. 3). Organic vapors were not detected in large 
concentrations in the immediate vicinity of the former tank presumably because the vapors had 
volatilized from the tank-excavation hole. Organic vapors in the ground were detected as far 
as 200 feet to the southeast of the former tank location.

PHYSICAL SETTING 

Geographic Setting

The DGSC is located on the western edge of the eastward-thickening wedge of unconsolidated 
sediments of the Virginia part of the Atlantic Coastal Plain physiographic province, about 2 
miles east of the Fall Line. The area around the PX Service Station has land-surface 
elevations ranging from approximately 120 to 130 feet above sea level. The area is covered 
mostly by asphalt parking lots and streets. The moderate topographic relief is the result of 
shallow excavations and filling for the construction of the DGSC. The northern part of the 
DGSC drains toward an unnamed creek east of the DGSC; the southern part drains toward 
Kingsland Creek (fig. 1). Both creeks are tributaries of the James River.

Hydrogeology 

Hydrogeologic Framework

A hydrogeologic framework was developed for the DGSC area by Powell and others (written 
commun., 1987) using data from lithologic logs, geophysical logs, and core samples. This 
framework, consistent with information obtained at the PX Service Station, is comprised of an 
upper aquifer (Yorktown and Eastover Formations), a confining unit (the Calvert and Aquia 
Formations), and a lower aquifer (Potomac Formation) (fig. 4). Bedrock (Petersburg Granite) 
underlies the Potomac Formation.

The upper aquifer is composed of alluvial sediments of the Pliocene Yorktown Formation and 
Miocene Eastover Formation. This aquifer differs in color, lithology, and thickness over the 
DGSC but generally remains uniform in the vicinity of the PX Service Station. It is rust to 
orange in color and is a clayey to silty, fine- to medium-grained sand. It contains a basal 
sand, gravel, and cobble layer. The basal layer, which directly overlies the Calvert
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Formation, is present in many locations throughout the DGSC (Powell and others, written 
commun., 1987). A sand layer is present at an altitude of about 106 to 110 ft (feet) above 
sea level (20-25 ft below land surface) in the vicinity of the PX Service Station. This sand 
layer was not always observed in wells drilled in other areas of the DGSC.

The confining unit is composed of marine sediments of the Calvert and Aquia Formations. 
The Miocene Calvert Formation is a dark grey deposit of silt, fine sand, and clay. The base 
of this formation consists of clay intermixed with sand and gravel and contains shark teeth 
and wood fragments (Powell and others, written commun., 1987). The Paleocene Aquia Formation 
is a fining-upward, well-sorted, dark green, glauconitic sand with a basal gravel stratum. 
The thickness of the confining unit in the vicinity of the PX Service Station is approximately 
15ft.

The lower aquifer is composed of alluvial sediments of the Cretaceous Potomac Formation. 
This formation is greyish-green, medium- to very-coarse grained sand and gravel interbedded 
with clay layers. The thickness of this unit ranges from approximately 25 to 40 ft throughout 
the DGSC (Powell and others, written commun., 1987).

The depth to the Mississippian Petersburg Granite at the PX Service Station was not 
determined during drilling. It is estimated to be at a depth of about 60 to 80 ft below land 
surface, based on data from Powell and others (written commun., 1987).

The aquifers and confining units at the PX Service Station are at the western edge of a 
eastward-thickening wedge of sediments comprising the aquifers and intervening confining units 
of the Coastal Plain physiographic province. Examination of the complete stratigraphic column 
of the Coastal Plain hydrogeologic framework (Meng and Harsh, 1988), defined at its thickest 
point (about 4,000 ft below land surface at the Chesapeake Bay), indicates that the St. 
Mary's, Choptank, Old Church, Chickahominy, Piney Point, Nanjemoy, Marlboro, and Brightseat 
Formations are absent in the DGSC area of the western edge of the Coastal Plain. The aquifers 
present at the study site, however, are continuous units from the study site eastward; for 
example, sediments of the Potomac Formation range from 35 to 70 ft below land surface at the 
study site and extend eastward to great depths, uninterupted by confining units over the 
entire eastward extent.

Ground-Water Hydrology

Water-level data were collected on October 27,1989, and are shown in figure 5. From 
these water levels, the inferred direction of ground-water flow in the upper aquifer at the 
site is to the east-southeast. The direction of ground-water movement in the lower aquifer is 
not known because only one well was installed in the lower aquifer.

Hydraulic conductivity, porosity, and hydraulic gradient control the average-linear 
velocity of ground water, which approximates the linear travel distance of ground water per 
unit of time. Aquifer and confining-unit characteristics, including hydraulic conductivities, 
were determined by aquifer tests performed by Powell and others (written commun., 1987); 
results are shown in table 1. It is possible, however, that the hydraulic characteristics in 
the vicinity of the PX Service Station differ slightly from those determined by Powell and 
others (written commun., 1987).
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Table 1.  Hydraulic characteristics of aquifers and confining units at 
the Defense General Supply Center

/Modified /rcun Pov»ll and others (written commun., 1987, table 3), T 
transmlsslvlty, in feet squared per day; K » horizontal 

hydraulic conductivity, in feet per day; K = vertical 
hydraulic conductivity. In feet per day; S « storage coefficient, 

dlmenslonless; " " ** unknown value]

Formation Hydrogeologlc T K 
unit

Yorktown and Upper 90 6   lxlO~a
Eastover aquifer

Calvert Confining -- -- 2.7xlO~4
unit

tnflni
unit

Aqula Confining 3.5xlO~* 5x10"3 5x10"3 2x10"

,-s
Potomac Lower 275 18 2 2x10 

aquifer

The average linear velocity of the ground water can be estimated using the horizontal 
hydraulic conductivity for the upper aquifer shown in table 1, an estimate for porosity, and 
the hydraulic gradient at the PX Service Station from the October 27,1989, water-level data 
as follows:

V = JKh dh 
n dl

where: V = average linear velocity of ground-water flow, 
Kh = horizontal hydraulic conductivity (table 1), 

n = porosity of aquifer (0.30 for upper aquifer), 
dh = hydraulic gradient (difference in water levels per unit distance 
dl measured between two monitoring wells; ranges from 0.008 to 0.011 

in the upper aquifer).

Based on this equation, average linear velocity of ground-water flow in the upper aquifer in 
the vicinity of the PX Service Station is estimated to be approximately 60 to 80 feet per 
year.

The thickness of the water-bearing zone in the upper aquifer, based on water-levels 
measured on October 27, 1989, averages approximately 5.5 ft throughout the study area (fig. 
6). The saturated thickness of the water-bearing zone changes with seasons because the amount 
of precipitation, recharge, and evapotranspiration affects the rise and fall of the water 
table; for instance, the saturated thickness of the water-bearing zone in the upper aquifer in

10
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June 1989 ranged from 7 to 8 ft.

The water-level in the lower-aquifer well (PX-1D) was 83.1 ft above sea level on October 
27,1989 (fig. 5). This altitude is about 7 ft lower than the 90-ft altitude of the bottom of 
the confining unit (fig. 4). This indicates that the Potomac aquifer is not confined in the 
vicinity of the PX Service Station, even though the aquifer is confined in areas to the north 
of the study area (Powell and others, written commun., 1987). The difference between 
hydraulic heads in the upper aquifer and the lower aquifer indicates a downward hydraulic 
gradient of about 30 ft between the aquifers.

Ground-Water Use

Ground-water users nearest the study area are located in the Rayon Park subdivision north 
of the PX Service Station. Public-water connection was made available to the Rayon Park 
residents in 1987 and most, if not all, of the residents accepted the public-water service 
(Defense General Supply Center Installation Services, oral commun., 1988). Several 
ground-water users are present south of Kingsland Creek. Most of the privately owned wells in 
the vicinity of the DGSC have been tested because of ground-water quality concerns unrelated 
to this report; most of the wells are no longer used for private drinking-water supply because 
of the availability of public water.

Surface Water and Subsurface Conduits

Kingsland Creek (fig. 1) is the only surface-water feature that potentially could be 
affected by ground water from the study area. Kingsland Creek is a possible hydrologic 
boundary where ground-water flow discharges into the creek.

Manmade subsurface conduits exist in the vicinity of the PX Service Station in the form of 
storm and sanitary sewers (fig. 7). The sanitary sewer lines were installed in the 1940's 
from approximately 1.5 to to 3 ft below land surface and are constructed of clay pipe (R. 
Holt, Defense General Supply Center Engineering, oral commun., 1989). Storm sewers were 
installed at depths ranging from 8 to 15 ft below land surface. These storm sewers drain west 
to east and north to south in the vicinity of the PX Service Station and collect rainfall, 
runoff, and water from air-conditioning units which is then discharged into Kingsland Creek 
(R. Holt, Defense General Supply Center Engineering, oral commun., 1989). The storm sewers, 
where constructed below the water table, may also collect ground water from the upper aquifer. 
Sufficient data do not exist to quantify infiltration of ground water into the storm sewer if 
such infiltration occurs.

DESCRIPTION OF ASSESSMENT PROGRAM 

Design of Field-Study Program

The field-study program was designed to place monitoring wells on the periphery of the 
site to determine background ground-water quality, to provide water-level data to estimate 
ground-water flow directions, and to place monitoring wells in the vicinity of the former tank 
and downgradient of the site to document ground-water quality. Ground-water samples collected 
from the monitoring wells were analyzed for constituents that are indicators of gasoline 
contamination.

Water levels in the seven initial wells in June 1988 indicated that ground-water flow 
direction is south-southeast; therefore, the 10 exploratory wells in the upper aquifer were 
placed to the south-southeast of the PX Service Station. The expanded set of water-level

12
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measurements obtained from 17 wells in the upper aquifer in May 1989 indicated that the actual 
ground-water flow direction is east-southeast (fig. 5); therefore, the confirmatory wells were 
placed east-southeast of the site.

History of Release and Characteristics of Contaminants

In May 1987, the DGSC, near Richmond, Virginia, determined through inventory data that 
gasoline possibly had leaked from an underground storage tank at the PX Service Station. The 
VWCB was notified, subsequently the tank was removed, and on May 14,1987, a monitoring well 
was installed approximately 10 feet from the tank. Gasoline vapors were detected within the 
well casing using a organic-vapor detector and gasoline product was observed in the well (W. 
Saddington, Defense General Supply Center Environmental Engineering, oral commun., 1988).

The date(s) of the release is not known, but an estimated 4,000 gallons of
premium-unleaded gasoline were unaccounted for from the former underground storage tank at the 
PX Service Station. In addition to the known former leaking tank, other underground storage 
tanks at the PX Service Station are possible sources of ground-water contamination.

The chemical characteristics of the contamination at the PX Service Station are typical of 
commercial grades of motor gasoline. Commercial-grade gasoline is produced by fractional 
distillation of petroleum and contains added paraffins, olefins, napthenes, and aromatics, all 
in substantial concentrations (Merck Index, 1983). Gasoline is produced from the "cracking" 
of high boiling-point petroleum fractions in the presence of catalysts, whereby complex 
hydrocarbon molecules are broken down into simpler, but more purgeable, compounds. When mixed 
with the proper amounts of air, the vapors form a mixture that is highly volatile, readily 
ignited, and burns with explosive violence. The purgeable-organic components of gasoline are 
mainly composed of the compounds containing benzene, toluene, and xylene (hereafter termed 
BTXs).

The BTX compounds are nonpolar and slightly soluble to very insoluble in water. The major 
processes currently recognized as having significant potential for control of the migration of 
these compounds in hydrogeologic regimes include sorption, chemical reaction, and biological 
reaction (Cherry and others, 1984, p. 55). Organic solutes, especially those that are 
nonpolar and relatively insoluble, tend to be absorbed by sediments and soils. Sorption of 
organic compounds on mineral surfaces has been documented by field and laboratory research 
indicating that the sorption of organic compounds is predominantly onto paniculate organic 
matter in the sediments. This partitioning of the solute between the aqueous phase and 
organic matter generally reaches equilibrium rapidly and is reversible dependent upon the pH 
of the aqueous solution. The major mechanisms of chemical transformation or degradation of 
organic compounds in aqueous systems are photolysis, oxidation, hydrolysis, and reduction; 
further discussions of chemical transformation of organic compounds can be found in Callahan 
(1979).

Biological reaction and reduction of organic compounds is probably the most important 
mechanism for the transformation of BTXs (Alexander, 1981). The presence of oxygen in the 
hydrogeologic regime is usually necessary for the biotransformation of organic substances; 
however, studies have been conducted indicating that anaerobic bacteria can also play a role 
in transformation of organic compounds (Cherry and others, 1984, p. 57). Volatilization may 
be another control on the removal of purgeable-organic contaminants from ground water. In 
laboratory experiments with benzene and toluene in stagnant water, Chiou and others (1983, p. 
15) indicate that about 50 percent of the solute remains in solution after 5 hours at a 
temperature of 25 °C (degrees Celcius), a humidity of 40 percent, and an initial concentration 
of 100 mg/L (milligrams per liter).
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Implementation of Field Study and Summary of Field Work

Seventy-six ground-water samples, including samples for quality assurance, were collected 
from 24 monitoring wells. Twenty-eight soil samples were collected from seven monitoring 
wells. Four separate water-level measurements were made in all 24 wells to assure the 
reproducibility of the measurements.

Time Sequence of Work Performed

The initial phase of the asessment began in June 1988, the exploratory phase began in May 
1989, and the confirmatory phase was completed in October 1989. A chronology of the 
investigation at the PX Service Station, including tasks accomplished prior to the assessment 
documented in this report, is provided in table 2.

Table 2. Chronology of field Investigations at the PX Service Station

1987 May Loss of gasoline from underground storage tank at the

PX Service Station was confirmed. Defense General Supply 

Center (DGSC) Installation Environmental Engineering 

Installed one shallow well and confirmed gasoline 

contamination.

July Damaged underground storage tank was excavated and 

removed.

1988 January A consultant to the DGSC conducted a soil-gas survey In the 

Immediate area around the former tank.

June U.S. Geological Survey Installed four ground-water monitoring 

wells In the vicinity of the former leaking tank and three 

wells on the periphery of the area for ground-water flow 

direction. Soils and water were sampled for petroleum 

hydrocarbon analyses.

September A consultant to the DGSC conducted a soil-gas survey of an 

area further and downgradlent from the PX Service Station.

1989 May U.S. Geological Survey Installed 10 exploratory monitoring 

wells In the upper aquifer downgradlent from the PX Service 

Station and one monitoring well In the lower aquifer In the 

vicinity of the former tank. Ground-water samples were 

collected from all 18 wells and analyzed for volatile 

organic compounds.

September U.S. Geological Survey Installed six confirmatory monitoring 

wells downgradlent of the Initial and exploratory wells to 

confirm the horizontal extent of contamination.

October Ground-water samples were collected from all 24 ground-water 

monitoring wells and analyzed for volatile-organic compounds.
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Monitoring-Well Design and Installation

Twenty-four wells were installed during 1988-89 to define the extent of gasoline 
contamination (fig. 2). In 1988, four wells were placed in the immediate vicinity of the 
former tank and three wells were placed on the periphery of the site; these wells were 
numbered PX-01 through PX-07. In May 1989, a line of five exploratory wells (PX-08 to PX-12) 
was placed downgradient of the parking lot southeast of the PX Service Station. A second line 
of five exploratory wells (PX-13 to PX-17) was placed about 300 ft farther downgradient. 
These exploratory wells were located in an effort to determine the direction of movement of 
the contaminated ground water. A deep well (PX-01D), penetrating the confining unit and 
finished in the lower aquifer (Potomac Formation), was installed in the parking lot about 50 
ft from the former tank location. In September 1989, six confirmatory wells (PX-18 to 23) 
were placed downgradient of the initial and exploratory wells to determine the downgradient 
extent of contamination. Records of the wells installed at the PX Service Station are 
tabulated in Appendix A.

Wells were installed using the hollow-stem auger drilling method. Each hollow-stem auger 
had a 6 7/8-in. (inch) outside diameter and a 4-in. inside diameter. When the first auger 
flight was drilled down, the chuck was unbolted from the auger flight and raised slightly on 
the hydraulic slide. A new 5-ft-long section of auger was added by bolting it to the flight 
of auger already in the ground. The process of drilling 5 ft and then adding a new 5-ft 
section was continued until the augers encountered the top of the Calvert Formation. A depth 
of at least 18 ft was required in most cases to reach the bottom of the upper aquifer. Augers 
were cleaned with a hot-water, high-pressure washer before augering the next hole.

Samples of the unconsolidated sediments were collected while drilling the lower-aquifer 
well to determine the thickness of the confining unit. Samples were obtained by lowering a 
hollow-tube sampler through the stem of the augers to the bottom of the hole. A 
pulley-operated hammer was attached to the pipe and the sampler was hammered two feet into the 
sediments. The sampler was then removed, and the sample taken from the sampler, drilling then 
continued. Samples were inspected to indicate whether the sampler had penetrated aquifer or 
confming-unit material. Samples were also examined for the presence of organic vapors using 
a portable photoionization detector (PID).

Four wells (PX-02 through PX-05) located in the immediate vicinity of the former tank, and 
installed by the Survey in June 1988, were constructed of 4-in. inside diameter, 
flush-threaded polyvinyl chloride (PVC) casing. Three wells on the periphery of the site 
(PX-01, PX-06, and PX-07) were constructed of 2-in. inside diameter PVC casing. Seventeen 
wells installed in 1989 were constructed of 2-in. inside diameter flush-threaded polyvinyl 
chloride (PVC) well casing.

Well screens were constructed of flush-threaded PVC, 15 to 20 ft long, with 0.010 in. 
slots. Filter sand was poured slowly into the hole to about two feet above the top of the 
screen. Bentonite pellets were poured into the hole to about three feet above the top of the 
filter sand. Moisture in the ground causes the bentonite to swell, thereby forming a seal. 
Grout was inserted, filling the hole from the top of the bentonite seal to the land surface. 
A 6-in. square by 5-ft long metal security casing was installed over each shallow well, and a 
12-in. by 5-ft metal security casing was installed over the lower aquifer well. Each security 
casing was set into concrete. Concrete pads (2-ft by 2-ft by 4-in.) were constructed around 
the security casings. A schematic diagram of the completed wells is shown in figure 8.

Care was taken to prevent water in the upper aquifer from flowing into the lower aquifer
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SHALLOW WELL DEEP WELL

6-INCH SECURITY COVER

BENTONITE SEAL
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BENTONITE SEAL

15-FOOT SCREEN 

FILTER SAND

Figure 8. Construction features of monitoring wells installed at the PX Service
Station by the U.S. Geological Survey.
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through the borehole augered through the confining unit. A 10-in. diameter hole was augered 
to the confining unit and 8-in. inside- diameter PVC casing was pushed to refusal into the 
confining unit. The annulus between the augered hole and the casing was grouted securely 
using a tremie pipe and the grout was allowed to harden. Drilling was continued using 6 
7/8-in. diameter augers inside the PVC casing, through the confining unit, and into the lower 
aquifer. A 2-in. well casing and screen were placed into the lower aquifer through the 8-in. 
PVC casing. Filter sand was placed around the 15-ft-long screen. Bentonite pellets were 
poured into the hole filling the annulus was filled from the top of the sand to a depth of 2 
ft above the top of the confining unit. The inside of the 8-in. casing was filled with grout 
to land surface.

After installation, the monitoring wells were developed by continuously pumping 
approximately 10 well volumes. Two well volumes were purged from each well prior to 
collecting a ground-water sample.

Surveying

Leveling surveys were conducted for each of the wells located at the PX Service Station 
site to determine accurate land-surface altitudes. Altitudes of measuring points on the wells 
were surveyed so that the general direction of ground-water flow could be inferred from 
water-levels referenced to a standard vertical datum.

The altitudes of temporary reference marks at the PX Service Station were determined from 
a leveling survey from a permanent benchmark located on Interstate Highway 95. In 1986, a 
leveling survey was conducted from the permanent benchmark to a reference mark located on the 
DGSC (Powell and others, written commun., 1987). As a part of the effort documented in this 
report, a leveling survey was then conducted from the reference mark on the DGSC to the 
temporary reference mark at the PX Service Station.

Health and Safety Plan

A safety plan has been established by the Virginia Office of the U.S. Geological Survey 
for work assignments in or around hazardous-waste sites. This safety plan includes safety 
training for all personnel involved in site investigations, maintenance of an exposure data 
sheet, a periodic medical examination monitoring toxic compounds in the body, and adherence to 
the wearing of proper field-safety apparel. For work conducted at the PX Service Station, 
field-safety apparel included splash-proof coveralls, eye protection, rubber gloves, and 
air-purifying respirators. Hard hats were worn when working around the drilling machine.
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Ground-Water Sampling and Quality-Assurance Program

In July of 1988, during the initial phase of the assessment program, ground-water samples 
were collected from the seven initial monitoring wells. In May 1989, ground-water samples 
were collected from all of the monitoring wells installed to date (7 initial wells and 11 
exploratory wells). In September and October 1989, ground-water samples were collected from 
the initial, exploratory, and six confirmatory wells. Temperature, pH, specific conductance, 
and dissolved-oxygen concentration were measured in the field during all phases. Ground-water 
samples collected in June 1988 were analyzed for total petroleum hydrocarbons and samples 
collected in May and September-October 1989 were analyzed for purgeable-organic compounds. 
The types and dates of ground-water samples, and the field measurements from each well, for 
the May 1989 sampling are shown in table 3, and results from the September-October 1989 
sampling are shown in table 4.

ttble 3.   Typo* and date* of water templet collected end field-date measurements 

of pg, specific conductance, temperature, and dissolved oxygen. May 1999

[Type ot analysis XS24 It the aVA method 624 tor purgeetole

organic* using * gat ch rnmotograph/mass spectrometer; values for

pa are in pa unit*; specific conductance If in microslemons per

centimeter at 23 degrees Celsius (nf/cm); temperature if in degrees

Celsius; dissolved oxygon if in milligrams per liter; " " lndlo*t»»

that fcJM m»aftir»m*at mt not performed]

Hell number

PX-Ol

PX-02

PX-03

PX-04

PX-03

PX-OS

PX-07

PX-09

PX-09

PX-10

PX-ll

PX-12

PX-13

PX-14

PX-13

PX-lf

PX-17

PX-10

type of

analysis

Mf24

Mf24

XS24

XS24

MS24

MS24

XS24

MS24

MS24

XS24

XS24

XS24

*S24

MS24

Xf24

*S24

X624

MS24

Date of 

collection

3/23/19

3/23/89

5/23/89

3/23/89

3/23/89

3/23/19

5/23/89

5/22/89

5/22/89

3/22/89

5/22/89

3/22/$9

3/24/89

3/24/89

3/24/$9

3/24/09

3/24/09

3/24/09

Specific 

pa Conductance

3.3

3.9

3.9

3.S

4.4

3.0

3.S

4.7

3.0

3.9

3.0

S.S

4.2

4.4

4.0

3.9

3.4

7.1

130

310

270

330

130

133

100

140

183

270

100

320

170

133

130

213

ISO

230

Temperature

10

19

19

19

19

17

17

15

14.5

11

13.3

11

If. 3

17

17

17

10

10

Dissolved 

Oxygen

 

 

 

 

 

 

 

 

 

 

--

 

3.S

4.4

4.0

1.5

3 (

0.3

19



Tmble 4. Type* and dttet of water ttmplet collected »nd field-dutM metturementt 

of pa, specific conductance, temperature, and dlttolved oxygon ,

September-October 19»»

[Type of mnalytit X(24 it the XP* method (34 foe purgotblo orgfaiom 

using * gut ohromotogrmph/mMtt spectrometer,- nluo* for pM »re in 

pa unit*; tpeeifio conductance It in miorotiement pmt centimeter 

at 2S degree* Celtiut (pM/om); temperuturo it in degree* Celtiut; 

diftolvod oxygon it in milllgrtmt pmt liter; " " indicate* thmt 

too memeiueement mt not p»rtormod]

ryp* of
Wall nurnbtc tntlytit

fX-Ol 

fX-02

rx-03

fX-04

rx-os

fX-Of

fX-07

fX-Ot

fX-09

fX-10

fX-ll

fX-12

fX-13

PX-14

fX-lS

fX-lf

fX-17

fX-lt

fX-19

fX-20

fX-21

fX-22

fX-23

Mr-ID

M624 

Mf24

JTC24

*f34

Mf24

JTC24

MS34

S(24

SS24

JTC24

X634

Xf34

Xf34

SS24

Xf34

SS24

Xf34

X634

XS34

X634

Mf24

Xf24

Mf24

JTC24

oat* of 

collection

10/23/99 

10/20/99

10/20/99

10/20/99

10/20/99

10/20/99

10/23/99

10/23/99

10/23/99

10/20/99

10/20/99

10/20/99

10/23/99

10/23/99

10/23/99

10/20/99

10/20/99

9/29/99

9/29/99

9/29/99

9/29/99

9/29/99

9/29/99

9/29/99, 10/23/99

Specific 

pB Conductance

4.9 

f.2

S.t

3.7

5.4

4.9

3.7

S.I

3.3

3.2

3.0

S.f

4.9

4.f

3.0

f.3

f.2

3.3

4.9

4.9

3.7

4.7

4.9

7.7

ISO 

373

270

300

220

135

93

119

195

110

120

its
175

144

IfO

400

373

130

130

173

300

170

100

230

Temperature

19 

19

19

19

19

19

19

20

19

19

19

19

21

21

21

19

19

17

19

19.2

19.9

19

20.2

17.9

Dlttolvod 

Oxygen

2.3

0.4

.f

.4

.3

1.0

f.3

f.2

3.9

.f

.7

.9

3.9

3.9

1.1

.3

.4

7.9

1.3

1.7

3.2

2.7

4.3

.3

Prior to sampling each well, the water level in the well was measured to determine the 
volume of water in the well. The wells were then purged using a positive displacement, 
air-driven, stainless-steel pump until a minimum of two well volumes (based on borehole 
diameter) of water had been displaced. Ground-water samples were collected with Teflon^ 
bailers decontaminated between wells. Field measurements of ground-water included 
temperature, pH, specific conductance, and dissolved-oxygen concentration. The samples were 
placed in 40-milliliter Teflon-septum vials, preserved with hydrochloric acid to about a pH of 
2, and immediately chilled on ice. Samples collected each day were stored in ice-filled 
coolers, provided with a chain-of-custody form, and shipped by overnight delivery to the 
laboratory.

^Use of brand/trade names in this report is for identification purposes only and does not 
constitute endorsement by the U.S. Geological Survey.
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Reporting limits are defined as the minimum concentration achieveable for each sample 
and constituent, whereas detection limits are the minimum concentration achievable by a 
laboratory instrument for a particular analytical protocol. Reporting limits are ideally 
equivalent to detection limits; however, reporting limits are affected by many factors, such 
as dilution of sample, analytical interferences from target and nontarget parameters, and 
analytical equipment performance. In addition, reporting limits may vary with the amount of 
contamination in the sample. For the purposes of this report, results of laboratory analyses 
for analysis of total petroleum hydrocarbons (USEPA method 418.1) and purgeable-organic 
compounds (USEPA method 624) are discussed in terms of reporting limits and are presented in 
table 5.

fa&le S. Analytical oon*tituent* and reporting limit* tor analy*i* of

goll and greund-irater *aagxle* at the fx Jeryioe Station 

lmg/kg indicate* milligrams per kllogrmm; \Lg/L indicate*

 icroaraJM per liter; mg/L indicate* milligram* per literj

Constituent Jtaportin? limit Unit*

foil
fetal petroleum hydrocar&on*

ground irater
fetal petroleum hydrocar&on* 0.5 mg/L 

Caloroaethane 14 M/L 
aroexMMthane JO pg/L 
Vinyl coloride JJ 
Cbloroetnane JO 
MetnyJane coloride 17 pg/L 
Acetone 50 
Carlx>n diauiride 
1,1-Oiciiloroettiene 
1,1-Oiciiloroetnane

J, a-Dicbloroetnane 
2-Butanone (io/i

Carbon tetracaloride 
 roexxl i rttil oromm thane 
1,2-Oichloropropane 
tran*-l, J-Oichloropropene 
rrickloroetoene 
Qtlorodl ttrtmomm thane 
1,1,2-rriciiloroethane 
Jeacene
olt-1, J-Oichloropropene 
2-Cbloroettiyl rinyl ether 100 
Bromofocm 5 
4-M*thyl-.2-pentanone 50 
1,1,2^-retrachloroethane 7 
Tetrachloroethane J 
roluene j 
CbloroAencene 5 
Sthyl tiencene 5 
Total xylene* 5 
rrichloro/luoroaiethane 10 
Aorolein 1C 
Aorylonitrile 10 
OlhroaKMMthane 10 
DichlorodifluoroMthane 10 
Sthanol 50 
Stbyl aethacrylate 10 
4-Jfexanone JO 
Xodoawthane 10 
«tyrene 5 
l,2,3-Trlchloroprop*n» 10 
Vinyl aoatate 50 
tran*-l, 4-Oiobloro-2-tetwM 50
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Specific procedures for field-quality assurance for ground-water sampling were designed to 
verify the sampling methods, shipping integrity, and analytical reproducibility of the 
laboratory. The types of QA samples collected in the field consist of the following:

1) Duplicate samples from selected wells.- Duplicate samples were 
collected from 10 percent of the total number of wells sampled during 
the assessment program. Collection and analysis of duplicates tests 
reproducibility within a laboratory.

2) Trip blanks.  A trip blank was included with every sample-shipping 
container in order to insure that positive analytical results are not 
caused by cross-contamination within the sample shipping container or 
by handling prior to analysis.

3) Ambient-condition blanks.- Ambient-condition blanks were collected 
which represent the atmospheric or other field conditions which may 
affect the analytical results.

4) Equipment blanks.  Equipment blanks were collected to investigate the 
possibility of positive analytical results from cross contamination by 
sampling equipment.

A low concentration of toluene (6.4 }ig/L) was reported in the ambient-condition blank 
collected on May 23, 1989, and may indicate presence of gasoline vapors in the air at the 
site; therefore, similar low concentrations of BTXs reported in water samples from 
monitoring wells may be a result of ambient conditions as well.

ASSESSMENT OF GROUND-WATER CONTAMINATION

The following results are summarized from field investigations and ground-water sampling 
at the PX Service Station.

Site Assessment

During this investigation, no free gasoline was observed in the wells at the PX Service 
Station. Gasoline product was reported in the first well installed near the former tank (W. 
Saddington, Environmental Engineer, Defense General Supply Center, written commun., 1987).

In July 1988, during the initial phase of the assessment program, ground-water samples 
were collected from the seven initially-installed monitoring wells. Concentrations of total 
petroleum hydrocarbons in the ground-water samples were as large as 8.2 mg/L in the vicinity 
of the former tank (table 6). Soil samples were collected at 5-ft intervals during drilling 
of the wells. Analyses of the soil samples indicate concentrations of petroleum hydrocarbons 
were lower than the reporting limit of 50 mg/kg (milligrams per kilogram).
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Table 6.  Concentrations of total petroleum hydrocarbons In water 

from walla in the vicinity of the former leaking tank. 

July 1988

[BRL indicates that the concentration ttas belott reporting limit]

Concentration, in 

Well no. jnilligrajus per liter

PX-01 BRL

PX-Q2 8.2

PX-03 2.2

PX-04 3.6

PX-05 3.3

PX-06 BRL

PX-07 BRL

Laboratory analyses of ground-water samples from the initial and exploratory wells 
indicate the presence of large concentrations of purgeable-organic components of gasoline (the 
BTXs) in the ground water. Results of the laboratory analyses for May 1989 are shown in table 
7. Ground-water samples from all wells (initial, exploratory, and confirmatory) were collected 
and analyzed in September and October 1989; the results of these analyses for BTXs are shown 
in table 8. The analyses indicate the presence of large concentrations of the 
purgeable-organic components of gasoline in ground water in the immediate vicinity of the 
former tank and 500 ft downgradient from the PX Service Station. Concentrations of BTXs in 
water from the confirmatory wells were below the reporting limit except for 2,300 p.g/L of 
benzene reported in PX-19. Small concentrations of organic compounds other than BTXs were 
reported in water from the wells (table 9); some of these compounds are gasoline additives. 
A number of organic compounds were tentatively identified in the water samples from the wells 
and are listed in table 10. These tentatively identified compounds were detected by gas 
chromatograph/mass spectrometer (GC/MS) analysis but are not included in USEPA method 624; 
these compounds are suspected to be gasoline additives.
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Ta&le 7. Concentration* of benrene, toluene, xylene, and total BTX compound* 
In water from »ell* at tne PX Service Btmtion, May 1999

fConoentretion* are In miarogeuu per liter (\ig/L); total BTX
compound* are, the, *um* of concentration* o/ fcencene, toluene,, 

and Jtylene, in H<7/L/ BJll indicate,* concentration* belo*
reporting liait*; in reoarJt*, r indicate* tentatively

identified compound* and other compound* were reported in
addition to BTX'* fee* ttble* 9 and 10)]

Holl no.

fX-01
PX-02
PX-03
PX-04
PX-05
px-oe
PX-07
PX-Ot
PX-09
PX-10
PX-11
PX-12
PX-13
PX-14
PX-1S
PX-lf
PX-17
PX-1D

Benzene

Ml
13, 000
11,000
e,soo

21, 000
230

ML
MM,
ML

4,100
4,700

25, 000
ML
ML

110
6,900
4,200

t.4

Ttt>l» t.   Conocntration* of bont
in water from trtlli at

Toluene

ML
29, 000
23, 000
3,000

32, 000
ML
ML
ML
ML

It, 000
11,000
43, 000

ML
ML
ML

9.900
ML

10.0

Jtylene

ML
12, 000
11, 000
4,000

12, 000
140

ML
ML
ML

14, 000
f,400

13, 000
ML
ML
BILL

5,000
1,500

15.0

ene, toluene, xylene

Total BTX

ML
33, 000
33, 000
13,200
S3, 000

370
ML
ML
ML

36,100
22, 100
93, 000

BRL
ML

110
21, 900
3,700

41.4

, and total

AeaarJra

T
T
T
T
T

T
*
T
T
T
T
T
T
T

BTX compound*
the PX Service ftation, fepteatber-Octofeer 1909

fConcentration* are in miorogetmm per liter (y.g/L); total BTX 
ooapound* are toe «ujur of concentration* or" l>encene, toluene, 

end xylene, in mr/fc/ BRZ> indicate* concentration* belov
reporting litUtt; in reaarJt*, T indicate* tentatively

identified compound* and otner ooepound* were reported in
addition to BTX'* (*ee tal>le* 9 and 10)]

Well no.

rx-oi
PX-02
PX-03
PX-04
PX-03
fX-Of
PX-07
PX-09
PX-Ot
PX-10
PX-11
PX-12
PX-13
PX-14
rx-is
PX-lf
PX-17
PX-19
PX-19
PX-20
PX-21
PX-22
PX-23
PX-1D

Benxene

BJtl
5,200
6,900
4,300
9,000

310
ML
ML
BRL

1,100
3,900

110
BU.
BOX,
510

*, 700
8,600

BJtl
2,300

BJtl
BJtl
BJtl
BJtl
BJtl
BRL

Toluene

BRL
0,700

15, 000
4,700

17,000
47

ML
ML
ML

17,000
9,900

100
ML
ML
29

IS, 000
9,500

ML
ML
ML
ML
ML
ML
ML
BRL

Jtylene

BJtl
3, tOO
3,200
2,400
3.900

69
BU
BJtl
BJtl

14, 000
3,200

100
ML
ML

31
7,900
4,000

BJtl
BRL
BJtl
BJtl
BJtl
BJtl
BJtl
BJtl

Total BTX

BRL
17, 700
27,100
11, 600
29, 900

42S
BJtl
BJtl
BJtl

32, 100
20, 900

310
BRL
BJtl
590

33, 600
21,100

ML
2,300

BRL
BJtl
BJtl
BRL
BRL
BRL

BeaarJt*

T
T
T

r

r
r
r

r
r
r

r
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T*t>le 9. Concentration* of compound* other thin BTX'* identified 
in inter from troll* tt the PX Service Station, May 1989

[Concentration* *re in mlcrogttm* pet liter (\iy/L); BKL indlctte* concentration* below 
reporting limits; reporting limit vtrlo* with the mmount of contamination in the tutor.]

1,1-dichloroethene Tr*n*-l,2-diohloroethene Mthyl benzene l,2,3-Triohloroprop*ne Carbon dlfultido

px-oi
PX-02
PX-03
PX-04
PX-05
PX-06
PX-07
PX-08
PX-09
PX-10
PX-11
PX-12
PX-13
PX-14
PX-15
PX-16
PX-17
PX-18
PX-19
PX-20
PX-21
PX-22
PX-23
PX-10

BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
31.0
BKL
BKL
BKL
13.0
23.0
26.0
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL

BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
7.9

BKL
BKL
BKL
11.0
BKL
17.0
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL

BKL
BKL
BKL
820

BKL
BKL
BKL
BKL
BKL
2,600
1,100
2,900
BKL
BKL
BKL
1,100

400
BKL
BKL
BKL
BKL
BKL
BKL
BKL

BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
4,100
BKL
BKL
BKL
BKL
BKL
BKL
BKL

BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
BKL
18.0
BKL
BKL

Teble 10.  Compound* tentatively identified in utter from well* 
*t the PX Service station

[Tentatively identified compound* »re thote not included in MPA method 624]

Compound tentatively identified

JLoettmlde, H-Mothyl- 
Bonsono, 1,3,5-Trlmotbyl-

tutene 
JufcaiM, 2-Hethyl-

Cyalopenttne
Propmne, 2-Hotho*y-2-Hothyl- 

1-Propene, 2-Hethyl-
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Contaminants that could not be attributed to the gasoline contamination were reported in 
water from some wells in the upper aquifer. These compounds (1,1-dichloroethene and 
trans-l,2-dichloroethene, shown in table 9) are solvents and were reported in water from 
wells PX-09, -13, -14, and -15 from the May 1989 sampling round. The reporting limits of the 
compounds for these analyses were 5,5,5, and 10 |ig/L, respectively. Reporting limits differ 
with the amount of contamination in the water. Analyses of water from wells with large 
concentrations of BTXs required high reporting limits for all of the compounds in that 
particular sample. Therefore, large concentrations of BTXs in particular wells may mask the 
presence of smaller concentrations of solvents in water from those wells. The extent of low 
concentrations of organic-solvents in the ground water cannot be determined with the data 
available. Carbon disulfide reported in water from well PX-22 may be derived from an 
insecticide (Merck Index, 1983).

Total BTX concentrations (or the sum, in micrograms per liter, of each of the 
concentrations of the individual compounds-benzene, toluene, and xylene) in water from wells 
at the PX Service Station from the May 1989 sampling indicate the areas where the greatest 
contamination occurs (fig. 9). Detectable concentrations of total BTXs reported in water from 
wells in the upper aquifer in May 1989 range from 370 to 83,000 |ig/L. Confirmatory wells were 
sited on the basis of results shown in figure 9.

Analytical results of total BTXs in water from all wells, including the confirmatory 
wells, for September-October 1989 are shown in figure 10. Concentrations of contaminants in 
the ground water remained relatively large in the immediate vicinity of the former tank and 
600 ft downgradient from the tank. Concentrations of total BTXs in water from some wells 
showed increases, and concentrations in water from other wells showed decreases. 
Concentrations of contaminants in wells PX-16 and PX-17 increased from 21,800 and 5, 
to 33,600 and 21,100 |ig/L, respectively. The most notable change is the decrease in 
concentrations in well PX-12, where BTX concentrations decreased from 83,000 ng/L in May 1989 
to 310 ng/L in September-October 1989. A duplicate water sample from PX-12 showed a similar 
decrease. Changes in concentrations of contaminants, such as in wells PX-12, PX-16, and 
PX-17, indicate the transient nature of the zone of ground-water contamination within the 
upper aquifer.

Detectable concentrations of benzene in water from contaminated wells in the upper aquifer 
range from 112 to 9,700 |ig/L for the September-October 1989 sampling (fig. 11). Because of 
the large concentration of benzene in water from well number PX-19, there is a possibility 
that the contaminant plume extends farther downgradient than well PX-19. Detectable 
concentrations of toluene in water from contaminated wells in the upper aquifer range from 29 
to 17,000 |ig/L for the September-October 1989 sampling (fig. 12). Detectable concentrations 
of total xylenes in water from contaminated wells in the upper aquifer range from 51 to 14,000 
|ig/L for the September-October 1989 sampling (fig. 13).

Assuming that the removed storage tank was the source of contaminants reported, that the 
zone of contamination does not extend much further downgradient than well number PX-19, and 
that the contamination has moved within the ground water in the upper aquifer at the estimated 
rate of about 60 to 80 ft per year, the contaminants appear to have been introduced into the 
upper aquifer as long as 7 to 10 years ago. The removed tank may have been leaking much 
longer than presumed or other tanks and spills in the area may be sources of contamination.

Organic vapors were detected in samples of the aquifer material collected at 5-ft depth 
intervals during installation of the lower-aquifer well, indicating that the confining unit 
and lower aquifer might be contaminated. Samples were placed into glass jars and allowed to
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Figure 9. Concentrations of total benzene, toluene, and xylenes (BTXs) in water 
from wells at the PX Service Station, May 1989.

27



77*2648 44 40

37°24 54

50

37 24 46

77 26 36'

500 FEET

0 ISO METERS

EXPLANATION

INFERRED AREA OF CONTAMINATION IN UPPER AQUIFER BASED ON BTXs 
/, ABOVE REPORTING LIMIT

  UPPER AQUIFER WELL LOCATION

O LOWER AQUIFER WELL LOCATION

CONCENTRATION OF BTXs, IN MICROGRAMS PER LITER 

CONCENTRATION OF BTXs BELOW REPORTING LIMIT

27,100

BRL

Figure 10. Concentrations of total benzene, toluene, and xylenes (BTXs) in water 
from wells at the PX Service Station, September-October 1989.
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Figure 11. Concentrations of benzene in water from wells at the PX Service
Station, September-October 1989.
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Figure 12. Concentrations of toluene in water from wells at the PX Service
Station, September-October 1989.
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Figure 13. Concentrations of total xylenes in water from wells at the PX Service
Station, September-October 1989.
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sit for about 5 minutes; then, the relative concentrations of organic vapors were measured 
with a field- photoionization detector (PID) zeroed to ambient air. Organic vapors were 
detected in large concentrations (relative to ambient air) in the bottom of the upper aquifer 
and in the top of the confining unit. Organic vapors also were detected in the samples 
collected deeper in the confining unit and into the lower aquifer but the relative 
concentrations were much lower. These organic vapors, although not identified by composition, 
are probably constituents of gasoline, indicating the presence of contamination in the 
confining unit and lower aquifer. These data indicate that this confining unit, comprised of 
silt and clay, may not prevent transport of organic contaminants in ground water.

Laboratory analyses of water samples from the lower-aquifer well do not conclusively 
indicate whether the lower aquifer is contaminated with constituents of gasoline. One of 
three water samples collected from the lower aquifer contained detectable concentrations of 
constituents of gasoline. Total BTX concentrations in water from the lower aquifer from the 
May 1989 sampling were 41.4 ng/L. Concentrations of BTXs in the lower aquifer were below 
reporting limits, however, for the second and third samples of water collected from the 
lower-aquifer well on September 29,1989, and October 23, 1989. The causes for the variations 
in the analytical results are not known. Ranges of concentrations of contaminants in the 
lower aquifer and the extent of contamination, if present, cannot be determined without 
installation of additional wells and analysis of additional ground-water samples.

Risk Assessment

The purpose of risk assessment is to determine the likelihood of negative effects on human 
or wildlife populations due to exposure to hazardous materials. This report provides a 
preliminary assessment of risk to support the examination of (1) the plausibility of a no 
action alternative, or (2) the need for remedial action. Suggestions for further studies are 
also identified.

The purgeable-organic compounds benzene, toluene, and xylene were selected as indicator 
chemicals for evaluating risk through time and for monitoring the effectiveness and progress 
of plausible remedial alternatives. These compounds, major constituents of gasoline, are 
present in large concentrations in many of the ground-water monitoring wells at the site; 
benzene is considered a carcinogen to humans (Sax, 1984).

Available data indicate that there probably are no human receptors of the contaminated 
ground water. Most, if not all, of the privately owned wells in the vicinity of the DGSC have 
been tested because of the potential for contamination from previously-studied sites; those 
wells were not contaminated by BTXs and are no longer used for private drinking-water supply.

For this report, the maximum contaminant levels (MCLs) and proposed maximum contaminant 
level goals (MCLGs) defined for the contaminants detected are used as applicable standards for 
the assessment of the degree of contamination. MCL, as defined by the USEPA (U.S. 
Environmental Protection Agency, 1986), is the maximum permissible level of a contaminant in 
water which is delivered to any user of a public-water system; MCL is an enforceable standard. 
MCLG is a non-enforceable concentration of a drinking-water contaminant that is protective of 
adverse human health effects and allows an adequate margin of safety. The MCL and MCLGs for 
the chemical constituents of concern at the PX Service Station are shown in table 11.
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raixle 11. tepoaiire-jaoint concentration* of indicator chemical*
An water from mil PX-13 oomptted to applicable, relevant, 

and appropriate t»gulc»m*ntt (MA**) tor the*e compound*

/MCL m m*ximiMi contaminant limit; MCL0 » maximm contaminant 
limit goal; concentration* are in mlerogram* per liter

JUtio or
Kxpo«ur« Co<U.fl- Arpo«ure point AMJt concentration 

Compound rout* cation concentration fMCL or MCL0J to standard

Benzene
Toluene
Xyiene*

Drinking
Drinking
Drinking

water
water
water

MCL

MCLO

HCLO

23,

43,

15,

000
000
000

Jig/i
jig/i
W/*

5
2,000

10, 000

jig/i
Jig/i
)ig/i

5,000
21.5
1.5

A qualitative risk for future potential receptors can be presented using the MCL and MCLGs 
as applicable, appropriate, and relevent requirements (ARARs) for drinking water. The 
concentrations of benzene, toluene, and xylenes in water from well PX-12 exceed the MCL and 
MCLGs by factors of 5,000,21.5, and 1.5, respectively (table 11). Risk to potential 
receptors is assumed when concentrations exceed MCLs and remedial actions to reduce the risk 
of exposure to benzene are appropriate; however, sufficient data are not available to assess 
the areal extent and concentrations of benzene in the ground water downgradient from the 
existing ground-water monitoring wells. Assessment of risk from exposure to ground-water 
contamination in the lower aquifer cannot be addressed with the few data that are available to 
date.

There is no apparent danger to wildlife living in the area of known ground-water

contamination associated with the PX Service Station. In addition, there are no known 
endangered species of wildlife within the known area of contamination. The possibility of 
contaminants infiltrating the storm sewers and discharging into Kingsland Creek cannot be 
thoroughly evaluated given the data available.

Remediation Assessment

If the upper and lower aquifers are considered to have no potential as a source of 
drinking water (no future receptors), then the appropriate remedial action could be the 
no-action alternative. If the concern is to attain concentrations that are allowable lifetime 
exposure concentrations in order to protect future potential receptors, remedial action could 
be undertaken to obtain concentrations equal to or less than the ARARs.

Purposes of remedial action would be the prevention of further downgradient movement of the 
contamination plume, prevention of downward vertical movement of contamination into the lower 
aquifer, removal of contamination in the dissolved phase in the plume, and location and 
removal of possible free product. Three alternatives are possible approaches to remediation 
of the ground-water contamination at the PX Service Station. These alternatives are:

1) No action.
2) Installation of soil-vapor extraction pumps on existing monitoring 

wells and in gravel-filled remediation trenches for evaporation of 
purgeable-organic compounds from ground water and extraction of 
purgeables from the unsaturated zone.

3) Pumping of ground water from subsurface drains and treatment of the 
water using air-stripping towers.

33



The no-action alternative represents the situation in which remedial actions are not 
undertaken. This alternative would not reduce concentrations of contaminants in the ground 
water and would allow contaminants to continue to migrate along present pathways. The primary 
justification for selection of this alternative is that there are no known human receptors for 
the contaminated ground water, and limiting hydrogeologic conditions (such as the shallow 
water-bearing zone in the upper aquifer) preclude the efficient application of remedial 
actions.

Soil-vapor extraction has been shown to be an effective method for remediating ground 
water contaminated by purgeable-organic compounds (Baehr and others, 1989). Movement of 
vapors through the unsaturated zone by air pumps creates concentration gradients between the 
contaminants in the ground water and the vapor phase of the contaminants in the unsaturated 
zone; therefore, contaminants evaporate into the unsaturated zone and are removed by the air 
pumps. Air pumps can be installed on existing ground-water monitoring wells (2-inch and 
4-inch wells) in the zones of largest contamination; this removes the contaminants from the 
saturated and unsaturated zones where it is most needed. Air pumps can be quickly installed 
on monitoring wells to begin remediation; however, the optimal design capacities of the air 
pumps need to be determined through additional investigations, such as conducted by Baehr and 
Hult (1989). Advantages of the soil-vapor extraction method are that it is not dependent on 
the thickness of the water-bearing zone in the upper aquifer, it will function during dry 
seasons, it does not require disposal of effluent, and it can be immediately implemented 
pending more detailed investigations. Disadvantages of this method are that it does not 
immediately block movement of contamination towards the storm sewer and wet seasons may 
negatively affect soil-vapor movement.

The third alternative includes pumping and treating contaminated ground water from 
subsurface drains. The purposes of the ground-water pumping from subsurface drains could be 
to (1) intercept the downgradient movement of the contamination plume, (2) reverse the 
gradient of the water table downgradient of the drain to capture the leading edge of the 
contamination plume, and (3) remove and treat the contaminated ground water (U.S. 
Environmental Protection Agency, 1985, p. 5-47). Ground-water extraction and development of a 
drawdown trough in the upper aquifer may be difficult because the thickness of the 
water-bearing zone in the upper aquifer ranges from about 4 to 7 feet (fig. 6). In addition, 
the contamination plume is so widespread that remediating the entire plume by ground-water 
pumping would be inefficient. Advantages of the ground-water pumping method are that it can 
be immediately implemented pending further studies of hydraulic conductivities at the PX 
Service Station and it could remove the contaminated ground water. Disadvantages are that 
it requires disposal of effluent, may not operate well in dry seasons or in the shallow 
water-bearing zone of the upper aquifer, and may not remove contaminants which have adsorbed 
onto aquifer material in the unsaturated zone.

Implementation of a combination of the above methods might be the most effective approach 
to remediate the ground-water contamination at the PX Service Station. Soil-vapor extraction 
can be implemented by (1) installing air pumps on monitoring wells in the zones of highest 
concentrations, and (2) installing a gravel-filled infiltration trench for ground-water 
pumping upgradient of the storm sewer. Additional ground-water monitoring wells are needed to 
monitor the progress of remediation and to improve descriptions of the extent and possible 
other sources of the contamination, including the source of the solvent contaminants. 
Continued sampling for ground-water contaminants in water from wells at the PX Service Station 
is needed to verify the water-quality results presented in this report. Remediation of the 
lower aquifer cannot be evaluated without additional sampling and water analyses and 
hydraulic-head data from the lower aquifer.
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It is possible that gasoline product remains in the vicinity of the former leaking tank 
but not in the location of the monitoring wells near the tank. This lens, or zone of gasoline 
product, if present, needs to be located and removed to fully address remediation, otherwise 
the gasoline product will continue to function as a source for ground-water contamination. 
Further investigations are required to verify the occurrence of gasoline product in ground 
water at the site.

SUMMARY AND CONCLUSIONS

The U.S. Geological Survey installed 24 monitoring wells in a Coastal Plain 
multiple-aquifer/confining-unit system to collect and analyze ground-water samples for the 
presence of gasoline contamination in the vicinity of the PX Service Station at the DGSC, near 
Richmond, Virginia. Seven initial wells were installed in May 1988 and sampled in June 1988; 
11 exploratory wells were installed and sampled in May 1989; and 6 confirmatory wells were 
installed in September 1989. All of the wells were sampled in September-October 1989.

The initial ground-water monitoring wells were sampled in June 1988 for total petroleum 
hydrocarbons. Laboratory analyses of water from the wells reported the presence of large 
concentrations of petroleum hydrocarbons (ranging from 2 to 8 mg/L). Laboratory analyses of 
soil samples collected during drilling indicated small concentrations of petroleum 
hydrocarbons in the soil concentrations lower than the reporting limit of 50 mg/kg.

The exploratory monitoring wells were sampled in May 1989 and water from the wells was 
analyzed for the purgeable-organic compounds. Concentrations of BTXs reported in water from 
wells in the upper aquifer were as large as 83,000 |ig/L. The largest concentrations are found 
in the immediate vicinity of the former leaking tank and about 600 feet southeast from the 
site. BTXs in small concentrations of 8 and 18 |ig/L were reported in water from the 
lower-aquifer well from the May 1989 sampling; however, results of analyses of water samples 
from the lower aquifer collected in September and October 1989 indicated that the 
concentrations of these contaminants were below reporting limits.

All of the upper-aquifer wells (23 wells consisting of the initial, exploratory, and 
confirmatory wells) were sampled in September-October 1989. Concentrations of BTXs in water 
from these wells remained large in the immediate vicinity of the former tank and 500 ft 
downgradient from the PX Service Station. Concentrations of BTXs in water from the 
confirmatory wells were low and below reporting limits.

Low concentrations of solvents were reported in water from several of the monitoring wells 
downgradient from the PX Service Station. The source of these solvents probably is not 
related to the former leaking tank.

No floating gasoline was observed in the wells at the site; however, gasoline product was 
reported when the leak was first discovered. Because it is possible that gasoline product 
remains in the ground near the former leaking tank, an investigation to determine this would 
be worthwhile. Additional ground-water monitoring wells are needed west of the PX Service 
Station to determine whether contamination is entering the site from the west.

Samples of materials from the confining unit, collected while installing the lower-aquifer 
well, were examined for the presence of organic vapors using a field photoionization detector. 
Organic vapors were detected in the samples from differing depths throughout the confining 
unit indicating that this silty-clay confining unit might not prevent the downward movement of 
organic compounds in ground water. Laboratory analyses of water samples from the 
lower-aquifer well, however, do not conclusively indicate that the lower aquifer is 
contaminated with constituents derived from gasoline.
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Ground water in the upper aquifer moves to the east-southeast; the rate of ground-water 
flow in the upper aquifer in the vicinity of the PX Service Station is approximately 60-80 ft 
per year. Available ground-water analytical data suggest that the contaminant plume is 
oriented along the direction of ground-water flow in the upper aquifer; however, the extent of 
the plume is not well defined. The thickness of the water-bearing zone in the upper aquifer 
averages about 5.5 ft in the study area. The storm sewers, where constructed below the water 
table, may collect and conduct ground water from the upper aquifer to Kingsland Creek. The 
lower aquifer is an unconfined aquifer in the vicinity of the PX Service Station; north of the 
site, data indicate it is a confined aquifer. The direction and rate of ground-water flow in 
the lower aquifer is not known because only one well taps the lower aquifer in the vicinity of 
the study area.

The greatest horizontal extent of contamination was reported in a well located 600 ft 
downgradient from the PX Service Station where the benzene concentration was 2,300 Hg/L. 
Assuming that the removed storage tank was the source of contaminants reported, that the zone 
of contamination does not extend much farther downgradient than well number PX-19, and that 
the contamination has moved within the ground water in the upper aquifer at the estimated rate 
of about 60 to 80 ft per year, the contaminants were probably introduced into the upper 
aquifer as long as 7 to 10 years ago. The removed tank had probably been leaking much longer 
than thought, or other tanks and spills in the area may have been sources of contamination.

Preliminary risk assessment for the site identified no potential receptors nor pathways of 
exposure for the contamination. However, the largest concentrations of contaminants at the 
site exceed the USEPA MGL and MCLGs and the concentration of benzene in the most contaminated 
wells exceeds the MCL for benzene by a factor of 5,000; therefore, remediation may be 
necessary if risk to future potential receptors is a concern.

Alternatives discussed for remediation of ground-water contamination in the upper aquifer 
at the PX Service Station include the no action, soil-vapor extraction from existing 
monitoring wells by air pumps, and ground-water pumping and treatment from gravel-filled 
subsurface drains. The most favorable remedial action appears to be is a combination of 
soil-vapor extraction and ground-water pumping and treatment. Implementation of any method 
will require additional studies to determine the effects of remediation on ground-water 
quality.

Suggestions for further studies include-
1) Verification of the occurrence of gasoline product in the ground near the former 

leaking tank.
2) Performance of aquifer tests at the PX Service Station to improve accuracy of 

estimates of hydraulic conductivity and ground-water velocity.
3) Installation of additional monitoring wells to investigate possible sources other than 

the known former leaking tank and to improve definition of the vertical and horizontal 
extent of contamination, especially downgradient of well number PX-19 and to the north 
and south of the PX Service Station.

4) Investigation of air permeabilities of the unsaturated zone (if the soil-vapor 
extraction method is selected) for design of air-pump capacities.

5) Continued sampling to verify the results presented in this report and to monitor the 
effectiveness of remediation.
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Appendix A.  .Records of wells at the Defense General Supply Center PX Service Station

(Depth of well is in feet below land surface; casing material "P" 
indicates polyvinyl chloride (PVC); diameter of casing is in inches; 
length of screen is in feet; altitude of measuring point, where the 
measuring point is the top of the well casing, is in feet above 
sea level]

Well Latitude
number degrees

PX-01
PX-02
PX-03
PX-04
PX-05
PX-06
PX-07
PX-08
PX-09
PX-10
PX-11
PX-12
PX-13
PX-14
PX-15
PX-16
PX-17
PX-18
PX-19
PX-20
PX-21
PX-22
PX-23
PX-1D

37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24
37 24

Longitude
minutes seconds

51
51
51
51
51
51
51
51
51
51
51
51
49
49
49
49
49
48
48
48
48
49
49
52

077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26
077 26

44
44
44
44
44
44
44
42
42
42
42
42
43
43
43
43
43
42
42
42
42
42
42
44

Depth 
of well

20.0
19.0
19.0
19.0
19.0
20.0
19.0
18. 0
18.0
23.0
21.0
21.0
23.0
23.0
23.0
25.0
23.0
23.0
23.0
13.0
13.0
13.0
13.0
52.0

Diameter Length 
Casing of of 

material casing screen

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

2.
4.
4.
4.
4.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

10.0
15.0
15.0
15.0
15.0
10.0
10.0
10.0
15.0
15.0
10.0
10.0
15.0
15.0
15.0
10.0
15.0
15.0
15.0
10.0
10.0
10.0
10.0
15.0

Altitude Date 
of measuring of 
point construction

130. 7
128.0
128.0
128.7
128.6
128. 7
128.2
123.9
124.3
125.2
126.3
127.2
127.3
127.6
128.3
129.0
129.1
129.6
129.2
123.1
123.5
123.9
123.8
130.1

06/28/88
06/29/88
06/29/88
06/29/88
06/29/88
06/28/88
06/28/88
05/12/89
05/12/89
05/12/89
05/12/89
05/12/89
05/13/89
05/13/89
05/13/89
05/15/89
05/15/89
09/21/89
09/22/89
09/22/89
09/22/89
09/22/89
09/22/89
05/14/89
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